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SOMftRY 

Bending moment at the wing root and total lift have been 
measured on a model wing for the General Aircraft tailless glider (V 
plan form and 28.4° sweep back).      The tests inoluded measurements 
of the effects of flap and elevon deflection and of end fins.      The 
span loading due to incidence has been deduced from the results. 

The bending moments and span loading have been compared with 
estimates based on Schrenk's approximate method and in some oases with 
Falkner's more rigorous method.      Schrenk's method appears, on the whole, 
to be reliable enough for a first estimate of load distribution in the 
early stages of design and to show the effects of major modifications 
on wings of not too large sweep bade.      For a final estimate Falkner's • 
method is more accurate. 
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Introduction 

The problem of determining the spanwise lift distribution on a 
•wept bade wing is a fundamental one in the estimation of the character- 
istics of tailless aircraft.     'The model tests described in this note 
provide an overall check on the accuracy of estimated distributions. 
The total lift and the bending moment on one wing about a chordwise 
axis at the root have been measured on a model of a tailless glider. 
The results are compared with estimated bending moments due to a change 
of incidence and at no lift for the plain wing and with elevons and 
flaps deflected in turn (para. 3). 

It i3 also possible  (para, it) to calculate the lift distribution 
due to a change of incidence directly from the lift and moment measure- 
ments, on the assumption that it is given by a two term Fourier Series. 
For the no-lift distribution,  at least with flaps and elevens deflected, 
more terms in the series are required and these can be determined only 
from bending moment measurements at several sections along the span. 

2 Description of testa 

The teats were made in the E.A.E. No. 1 llj-x 8-j ft.  tunnel 
(with honeycomb) during March l%k on a 1/5.67 scale model of the 
General Aircraft glider wing of V plan form and 28.i.° sweep back. 
Details of the model are given in Table X and Fig.1, 

Total wine lift and bending moment about a chordwise axis AA 
at 0,066 semi-span from the plane of symmetry were measured (Fig.l). 
The rig used for tr.e measurements of bending moments was identical with 
that used in similar tests on a non-swept back wing described in Ref.5. 

-—The tests were made with a sealed gap of 0.03 ins.    at the bending moment 
;_. axis    and it was verified that this gap did not affect the total wing lift 

at any siven incidence.  ---•• 

The following conditions were covered by the tests:- 

(a) plain -wing, elevons sealed*;     T|  = 15°, 10°, 0°, -10°, -15°. 

—(b)—    wing with end'fiii3,  elevons sealed;    TI a 0 . 

...(e).        wing with split flap at 60°,' elevons. sealed;    i\ • 15°, 0°, -15°. 

; (d)      '-ig&aln wing, elevons unsealed;    T\ = 0 . 

All the tests were made at a wind speed of 120 ft./sec, 
'corresponding to a Reynolds number of 1.03 x 10° based on mean wing 
chord.        The usual tunnel constraint corrections were applied*. 

The method of sealing    the elevons in the tests was. to. fair the 
elevon gap completely so as to form a continuous,smooth wing contour. 

A theoretical estimate has been made of the tunnel interference 
oorreotions to the forces and moments on-a swept back wing, and it 
has been found that they are little different from the usual 
corrections.      In particular it has been established that the span 
loading distribution is sensibly unaffected by the tunnel constraint. 

~ 3- . 
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3     Coapariaon of measured and estimated bending momenta 

J.1   Plain wit«, without fins, with flaps and elevens neutral 

For a wing at moderate angles of incidence the lift distribution 
can be aplit up into two parts.  The first depends upon the plan form 
and ia. proportional to the incidence measured from no lift; the 
second is dependent upon twist and represents the loading at zero lift, 
it is convenient therefore to consider separately the bending moments 
due to these two parts and to examine 

(l)    the rate of change of bending moment with lift due to changing 
incidence, 

(a) the bending moment at zero lift. 

The experimental values are taken from Fig. 3 and the estimated 
.values are based on two theoretical methods, 

(1) Schrenk'3 method as modified by Neumark , 

(2) Falkner1s lifting plane method . 

The first is a very simple approximate method which neglects 
the change in li*ft distribution due to sweep back.  The second inoludes 
this effect and' is a more rigorous methodm but it is much more laborious 
<to apply.  The results are compared in the following table; CBU is 
;the coefficient o* the >»'V"'Y; moment at the root baaed on total wing 
area and span:- 

Measured Schrenk/ 
Neumark 

Falkner 
Falkner 
without 

sweep back 

dCg/dOL 0.092 

-0.001 

0.089 

-0.0034 

0.091 

-a 0029 

0.089 

For dCpu/dO^, Falkner's method agrees very well with experiment and 

the discrepancy with the Schrenk method is only 3S*>» attributable to the 
effect of sweep back on lift distribution. 

The order of agreement on Cgu is not so good, but the values are 

all small in comparison with the moments produced by flaps and elevons 
(Fig. 3). . -The discrepancy may be due to a lack of symmetry in the model 
or in the tunnel stream.  It is seen, for instance, from Fig.3 that 
0—, • -0.003 would correspond to a C of -0.025 on the same wing.  Thus, 

from Fig.2a, effective incidence changes of +0.3° on the two wings could 
account for the difference.  The order of agreement between the two 
theoretical methods is very good. 

3.2   Effeot of tip fins 

The effect of end fins is to increase the lift near the tip at a 
given incidence.  Thus both dCg/da and dCBy/dC, are Increased, as 

shown in Figs. 2b and 4.  In this case only the Schrenk method ia avail- 
able for comparison, as no calculations by Falkner'a method have been done 

r • •. 
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for this wing with end fins.      The schrenk method makes no allowance 
for   fin effeot on CW   and there is no appreciable effect shown in the 

experiments.      The measured and estimated increments in dXgy/dCV *re 

0.008 and 0.005 respectively giving total .values of 0.100 and 0.0%. 
(Schrenk). 

3» 3 Effect of flaps and elevens 

The Schrenk method is applied in Refs. 6,7 to the estimation of 
the effeot of flaps and elevons.      It is there assumed that elevens or 
split flaps in the normal position (trailing edges of flap and wing 
coinciding in ehe closed position) have no effect on lift distribution 
due to a change in incidence, and therefore no effect on dCj/da and 
dCvm/dCr.      For moderate clevon angles and incidences this is confirmed 

by Pigs. 2a and 3, and for flaps at 60° with elevons 0° by Pigs. 2b and 4. 

The main effect of elevons or flaps is to change the lift dis- 
tribution at zero lift and the incidence for zero lift.      In the following 
table the measured and-estimated values of ACJJW/ACL are compared, 
AC•»   being the increment in bending moment coefficient at zero lift 

and   &C. the increment in C    at a given incidence. 

Measured •  Sohr^nk 
method 

ACJ^/ACL Elevons -10° 

Flaps 60° 

a 050 

-0.035      .. 

0.046 

-0.035 

The order of agreement is good, considering the simple assumptions 
made in the Schrenk method. 

4 Lift distribution 

4.1 Loading due to a change of incidenoe 

The lift distribution can be calculated directly from the lift 
and bending moment measurements on the assumption that it is given by 
a two term Fourier series.      The circulation   I", at any section of the 
wing is expressed in the form, 

r 
-su3 

dL/38 
2PU so" sin ft 

= a £ V 6. (X) 

where U = the free stream velocity 
L = the total lift on the wing 

' Ö" = mean chord 
* a incidence measured from the no-lift direction of the 

complete wing 
6 is defined by x/s • z •  « eos'e • 
a s semi-span 
x = distance outboard of plane of symmetry. 

JKPOKIB) 
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tor a symmetrical «log only odd values of   n   are admissible in 
equation (1). 

She bending moment   M ' about a chordirise axis distant   x,    from 
the plane of symmetry is given by, 

M- H, a     I      a (oos <t> bos e) a ae 
' de 

<2) 

«hare   11     is the bending moment at no lift and   - oos 0 » X]/a« 

The following relations can be deduced from (1) and (2), 

T.      it * (?) 

....      ,£ [lain 2f - -SÜLiÄ)   S2|i •. i (<£LJ* - sin *)]•...! (4) 

Two relations are.available for solving (J) and (4) from the 
measurements of lift and of bending moment about a single ohordwise axis; 
henoe. only Ai and Aj can be determined.      A similar method has been used 
in Ref.5 on non-swept back wings and theoretical estimates of spanwisa 
loads suggest that the higher harmonics have little significance. 

The lift distribution, deduced in this wiy, is plotted in Fig.5, 
«here it is compared with an elliptical loading and with the distributions 
estimated by 3chrenk's and Falkner's methods.      It is seen that it 
agrees very well with the Falkner curve and is quite close to the 
elliptioal loading curve.      The Sohrenk curve shows appreciable differences 
particularly at the wing root«   

4.2 Loading at zero lift 

The circulation distribution at aero lift may be expressed in the 
same form as (l) above. 

V> 

dL/de £ \ sin. n 8. 
&Jo*    bPUzäö sin 6     3 

The bending moment coefficient at zero lift is given by 

(5) 

4_ 
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71th a single cut only B» can 1>e determined out this should give the 

no-lilt distribution with sufficient accuracy for the plain wing with twist. 
Falkner's method gives the following values for B» etc    due to 5° twist 
on this wing:- 

B, = -0.C593, Be  m -0.C0215, By - 0.0000, 

thus confirming the relative unimportance of Be etc.     With elevens and 

flaps deflected the higher harmonics cannot be neglected. 

For a reliable assessment of B* from experimental results it is 
apparent from para.   3*1 that the lift must be measured on the half-wing 
to eliminate the effect of asymmetry. 

•• .' 

5 Conclusions 

The Schreib: method of estimating lift distribution tends to 
under estimate the bending moment at the wing root, because it makes 
no allowance for the effect of sweepback.      In the case examined here the 
error la only 3;« in dCjjj/dO^ without fins and 6^» with large fins at the 
wine tips.      The discrepancy will increase with angle of sweepback. 
Falkner'3 method gives very Good agreement without fins, but no estimated 
results are available for comparison with fins. 

The bending moment increments due to flaps and elevens, for 
given increments in lift agree fairly well with those estimated by 
Sohrenk's metliod°>7.      JJo calculations have been made by Falkner's 
method, for thi3 wing,-; 

•On ike whole it appears that Sohrenk's method is jgood enough to give 
an approximate -estimate in the design stage and to show the effect of major 
modifications on load distribution, .provided the sweepback angle is not too 
large (<   30°).    For a final estimate Falkner's method is more acourate. 
In its original form it is too laborious for    frequent use, but a simpler 
form of it haa now been developed. 
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;  : 

Model data and full scale 
dimensions 

• 

• 

Scale = 1/5.67              •      • 

1 
Wine gross area                                   S 351.5 sq.ft. 

Span                                                         2B i*5.36 ft. 

tie an chord                                             o 7.74 ft. 

Plane of measurement of bending moments   .... 
(measured spanwise from centre line of aircraft)     ; 1.498   ft. . 

Total fin area                                       Sp 18.8 sq. ft 

Flaps:                                               '                         '*'•", 1 
!: 

j    Type Split 

!    Spa«                                                                '           '     '. 10.19 ft. 

.    Chord:      Root                                                                      , 2.27   ft. 

Tip 1.63   it. 

i   -i i   '   '.   . 
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